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Available online 19 April 2016Background: Voided urine contains a variety of cells from the kidney and urinary tract and urinalysis provides us
various information by investigating cellular components. We investigated urine sediment from renal impaired
patients.
Results:We found ‘round cell’ to be distinct from known cells in sediment and is close to proximal convoluted
tubule-derived cells based on morphology and molecular marker expression (GGT1 but not podocalyxin). Also
it was positive for undifferentiated cell markers, including PAX2, WT1, OSR1, and SIX2. They were observed in
end-stage renal failure patients and the number of cells was correlated with the severity of chronic kidney
disease. A prospective analysis revealed that patients who had more round cells were more likely to require
hemodialysis within a year.
Conclusion: Round cells are a novel marker that can be used to predict the need for hemodialysis.
© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).Keywords:
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In addition to cardiovascular events, chronic renal failure and subse-
quent hemodialysis not only are life threating, but also put a large bur-
den on the health care system. Patients with diabetes and hypertension
are at increased risk for chronic renal failure. Markers that predict the
deterioration of renal function are important in clinical settings. Creati-
nine, urea nitrogen, urinary proteins, and sediments are widely used as
markers of renal function. Urinalysis is a safe, easy, and cost-effective
diagnostic tool, and sediments are indicative of nephron condition,
therefore, it can be considered as a ‘virtual renal biopsy’. Indeed, urinal-
ysis is useful for the differential diagnosis of acute kidney injury and
chronic kidney disease [1–5]. However, not all cells in the urine have
been characterized and the origins of cells have not been determined
in some cases. We characterized cells in the urine from 372 patients
with various grades of renal failure. In the present study, we ﬁrstly re-
port undescribed undifferentiated round cells in the urine and that
share many morphological characteristics with proximal tubules. We
hypothesized that these cells could predict the rapid deterioration of
renal function that occurs as chronic renal failure develops.ratory, The University of Tokyo
655, Japan.
).
. This is an open access article under2. Materials and methods
2.1. Samples
Spot urine samples were collected from patients (n = 372, male:
female = 278:94) at The Tokyo University hospital ambulatory clinic.
Male patients were 68.4 (30–95) y, on average, and females were 67.9
(26–89) y, on average. Patients who is taking antidiabetic agent or
fasting blood glucose level N 126 mg/dl and HbA1c N 6.4 were classed
as diabetes. A total of 247 cases had diabetes and 125 did not have
diabetes. All cases were classiﬁed according to chronic kidney disease
severity criteria established by KDIGO guideline [6]. This study was
approved by the institutional ethical committee (Approved no. 1818).
2.2. Urine sediments
Urine sediments were prepared and examined following a previous-
ly deﬁned method (2010GP1-P4 Examination of Urinary Sediment
2010; Japanese Committee for Clinical Laboratory Standardization
(JCCLS)) [5]. Round cells were counted at 100× magniﬁcation in
whole-ﬁeld (WF) view and scored as negative, 1–4/WF, 5–9/WF, or
N10/WF.
Serum creatinine estimated at 2 y and 6 months before the examina-
tion, on the day of examination and 6months after the examinationwerethe CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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year after the sediment examination was compared with the round cell
score.
2.3. Immunohistochemistry
Urine sediment was prepared for immunohistochemistry using
Smear Gell™ (GenoStaff) and ﬁxed with HistoChoice™ (AMRESCO).
Samples were blocked with Blocking One Hist™ (Nacalai Tesque) for
1 h and then permeabilized with 0.1% TX-100/phosphate-buffered
saline for 5 min. Samples were incubated at 4 °C overnight with either
anti-gamma-glutamyltranspeptidase (GGT) 1 (sc-100746, mouse
monoclonal, dilution 1:100, Santa Cruz Biotechnology), anti-CD13
(MS-1079-S0, mouse monoclonal, dilution 1:100, Thermo Fisher
(anti-homeobox (Hox) 11 (SC-880, rabbit polyclonal, dilution 1:100,
Santa Cruz Biotechnology) and anti-paired box (PAX) 2 (SC-133889,
rabbit polyclonal, dilution 1:100, Santa Cruz Biotech.) and then
with ﬂuorescent-conjugated secondary antibodies Goat Alexa 488
anti-rabbit IgG and Goat Alexa 555 anti-mouse IgG (Life Technologies)
dilution 1:200.Nuclei were stainedwithDAPI (PA-3013, Lonza) dilution
1:10,000. Immunoﬂuorescence staining was observed under a ﬂuores-
cence microscope, BZ-X700 (Keyence).
2.4. RNA extraction and quantitative real-time reverse transcription-
polymerase chain reaction
Sediment cells were maintained in RNA Later™ (Life Technologies)
and RNA was prepared using The RNeasy Fibrous Kit™ (Qiagen). Total
RNA was reverse-transcribed using the High Capacity cDNA Reverse
Transcription Kit™ (Life Technologies). Gene expression was quantita-
tively analyzed by real-time reverse transcription (RT)-PCR as previously
described [7]. TaqMan Gene Expression Assays were performed with a
7300 Real-time PCR System (Invitrogen). The ID numbers for the assaysFig. 1. Representative photos of urine sediment. Round cells in urine sediment. A and B; uns
hyaline casts. A1;white blood cells. A2; red blood cells. A3; round cells. B1; hyaline casts. B2; rou
D2; hyaline casts tubular epithelial cells. D3; squamous epithelial cells. D4; renal tubular epithare as follows; Hs01586544_m1 for odd-skipped related transciption
factor 1 (OSR1), Hs01103751_m1 for Wilms' tumor antigen (WT1),
Hs00232731_m1 for sine oculis homeobox (SIX)2, Hs01057416_m1 for
PAX2, Hs00292214_s1 for podocalyxin, Hs01574644_m1 for aquaporin
2, and Hs99999901_s1 for 18S.
2.5. Cell culture
Sediment cells were washed with saline twice and sent for culture
within 4 h of obtaining urine samples in the out-patient clinic. Sediment
cells were cultured in 5% CO2 at 37 °C in Dulbecco's Modiﬁed Eagle's Me-
dium (DMEM) supplementedwith 10% fetal bovine serum, 100 units/ml
penicillin, and 100 μg/ml streptomycin. The mediumwas changed every
2–3 days for 10 to 20 days. Cellswere cultured on BD Falcon™ 8 chamber
polystyrene vessel tissue culture-treated glass slides (BD Biosciences)
which is coated with poly-D-lysine, collagen type I and ﬁbronectin.
2.6. Statistical analysis
Kruskal–Wallis tests were applied for analyses of N3 groups; subse-
quently, Dunn's tests were used to assess differences between groups.
Univariate analyses were performed to assess differences between ob-
jective variable (i.e., round cells number) and explanatory variables
(sex, age, history of diabetes, chronic kidney disease stage, serum creat-
inine, urinary protein, urinary occult blood, urinary red blood cell, uri-
nary white cell, oval fat body, and tubular epithelial cells in sediment).
Among explanatory variables, factors with p b 0.2 were recruited for
further multivariate analysis. Receiver operating characteristic (ROC)
curves for serum creatinine, urinary protein, and round cell number
were drawn to predict hemodialysis initiation. A p b 0.05 was consid-
ered statistically signiﬁcant. All statistical tests were implemented in
StatFlex ver. 6.0 (Artec Inc.).tained. C; Sternheimer stain. D; GGT1 staining. Round cells were found both in and out of
nd cells. B3; round cells. B4; round cells. C1; round cells. C2; hyaline casts. C3;macrophages.
elial cells.
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3.1. Morphological and molecular characteristics of round cell
Round cell was larger than either red blood cell or white cell and
had a diameter of approximately 10 μm(Fig. 1A, B). It has single nuclear
but sometimes difﬁcult to see without Sternheimer stain (Fig. 1C).
Nuclear/cytoplasm (N/C) ratio was large (Fig. 1C). It was positive for
GGT1 staining (Fig. 1D). GGT1 staining was negative in squamous
epithelial cells.
Round cells were solitary or in clusters and could be found associat-
ed with hyaline casts, suggesting that it was derived from renal tubular
epithelial cells (Fig. 1B, C and D). Round cells can be differentiated from
macrophage by clear margin of cell in round cell in contrast to unclear
cellular margin in macrophage (Fig. 1C).Fig. 2. Immunoﬂuorescent staining of round cells with cell markers. Round cells are staine
markers (PAX2 or Hox11) together with GGT1 or CD13 respectively. Round cells are double poImmunostaining reveals that it was positive for GGT1 and CD13
(Fig. 2A) and also positive for PAX2 and Hox11 (Fig. 2B and C). More-
over, RT-PCR results showed that it was positive for PAX2, OSR1, WT1,
and SIX2 in sediment samples from patients with round cells (Fig. 3),
but negative for podocalyxin, a podocyte marker.3.2. Cell culture
We cultured sediment cells in DMEM for up to 20 days. Tubular
epithelial cells were successfully cultured in 11 out of 13 cases with
round cells, 7 out of 36 cases that were negative for round cells.
The presence of round cells predicted the relative success of cultur-
ing tubule epithelial cells from the cultured total sediment pellet
(Table 1).d with A; markers for proximal tubules (CD13 and GGT1), B and C; undifferentiated cell
sitive for undifferentiated cell markers and proximal tubule markers.
Fig. 3. RT-PCR results for markers for undifferentiated cells. Round cells were positive for PAX2, OSR1,WT1, and SIX2 (markers for undifferentiated cells).
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We ranked all cases based on the classiﬁcation of KDIGO and round
cell number was counted in each rank (Fig. 4). When the cohort is clas-
siﬁed according to the number of round cells, the serum creatinine
levels (mean ± SE) for each group were as follows; round cell-
negative (n = 151), 2.01 ± 0.09 mg/dl; 1–4/WF (n = 110), 2.17 ±
0.13; 5–9/WF (n = 58), 3.12 ± 0.23; N10/WF (n = 53), 3.49 ± 0.2.
Serum creatinine levels were signiﬁcantly higher in the 5–9/WF and
N10/WF groups than in the negative or 1–4/WF groups (p b 0.01), and
the relationship between KDIGO ranks and round cells number are
shown in Figs. 5 and 6.
The trends in serumcreatinine levels from2years before to6months
after the examinationwere analyzed. Although there were no statistical
differences in creatinine among the 4 groups 2 y before the examina-
tion, creatinine was higher 6 months before (p b 0.05) and after the ex-
amination (p b 0.01) in the 5–9/WF and N10/WF groups than in the
other groups (Fig. 7).
A univariate analysis revealed that chronic kidney disease stage,
serum creatinine, urinary protein, urinary occult blood, white cells,
oval fat bodies, and renal tubular epithelial cells were statistically signif-
icantly related to round cells in urine (p b 0.01) and a subsequent mul-
tivariate analysis showed that only the presence of tubular epithelial
cells was signiﬁcant (p b 0.01) (Table 2).
Finally, we evaluated whether round cells can be a prognostic
marker for kidney death by comparing the initiation of hemodialysisTable 1
Relationships between cell growth after culture and round cell quantity in urine sediment.
Round cell
Negative 1–4/WF 5–9/WF N10/WF
Culture Positive (n) 4 2 2 9
Negative (n) 19 10 1 1
Urine sediments from 49 cases were cultured and epithelial cell growth were evaluated.
Cell outgrew successfully from round cell positive cases.within a year (kidney death) with cell number. Based on the ROC
curve, the area under the curve (AUC) for serum creatinine was
0.94209 and for urinary protein was 0.71669, suggesting that creatinine
is a superior indicator relative to urinary protein (p b 0.01). The AUC for
round cells number was 0.82939, and it was superior to urinary protein
(p b 0.01) (Fig. 8). We divided the cohort in two groups according to di-
abetes as their complication. The speciﬁcities of round cells for dialysis
were comparable between the 2 groups (Tables 3 and 4).
4. Discussion
In the preset study, we showed that end-stage renal failure patients
excrete numbers of round cells, which are positive for undifferentiated
cell markers in the urine. The number of the cells can predict the decline
in creatinine and the need for hemodialysis within a year.
Renal biopsy and urine sediment analyses are two useful diagnostic
tools for renal damage. Urine sediment tests are inexpensive and safe,
and positive ﬁndings with respect to casts and various cell types could
be useful for the diagnosis of renal glomerular and tubular damage.
Podocytes, which can be identiﬁed via podocalyxin expression in the
urine, indicate the early stage of glomerular damage [8,9]. Round cells
were negative for podocalyxin and the clinical stages of patients who
are positive for round cells were different from those that have previ-
ously been associated with podocytes. Therefore, we inferred that the
round cells were not podocytes.
Some of the round cells were found in hyaline casts, suggesting that
they are not derived from the epithelium of the urinary tract, columnar
epithelial cells, or squamous epithelial cells. Additionally, the thickness
and margins of the cells were clear. These characteristics suggest that
the round cells are not monocytes or phagocytes.
Although different type of cells lines each segment of the renal
tubules, in the urinary sediment, they are hardly differentiated by mor-
phology and guidelines [10] classiﬁed cells in sediment as red blood
cells, white blood cells, squamous and non-squamous epithelial cells.
Non-squamous epithelial cells are further classed renal tubular epitheli-
al cells, transitional epithelial cells, intestinal epithelial cells and atypical
cells. Renal tubular epithelial cells are larger than leukocytes and
Fig. 4. Sample sizes according to chronic kidney disease (CKD) grade by KDIGO. 372 samples were classiﬁed according to KDIGO rank and number of each rank was shown.
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ovoid. The precise differentiation of cells can be achieved using detailed
morphological examinations. Tubule-derived epithelial cells that are
oval-shaped have been reported as reactive renal tubular epithelialFig. 5. Number of cases classiﬁedby round cell numbers and according toKDIGO CKD grade
1–4/wide ﬁeld, 5–9/wide ﬁeld and N10/wide ﬁeld). The number of cases from each group was
(A3G5).cells [8]. They are also larger than normal renal tubular epithelial cells
or round cells, with a diameter of 30–80 μm, and show clear or vacuolat-
ed cytoplasm and large nuclei, with round to irregular nuclear contours
and prominent nucleoli. These reactive renal tubular epithelial cells. Cohortswere classiﬁed according to the number of round cell in urine sediment (negative,
shown in each KDIGO CKD grade. Round cell number is larger in advanced KDIGO grade
Fig. 6. Serum creatinine level and round cell number at observation. Serum creatinine
from all the case were plotted and compared among groups classiﬁed as in Fig. 5. It was
higher in patients with larger number of round cells. *p b 0.05, **p b 0.01.
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These cytological characteristics distinguish them from the round cells
observed in this study. Proximal convoluted tubular epithelial cells
have a diameter of 10–40 μm, can be diverse shapes, and their cytoplasm
is thick and coarsely granular. The nuclei degenerate and become eccen-
tric, with a low N/C ratio in contrast rectangular, polygonal or even
columnar cells originate from distal tubules or collecting ducts. Also im-
munostaining for CD13, CD15, epithelial membrane antigen, peanut
agglutinin, or segment speciﬁc markers can differentiate proximal
tubule-derived cells [11]. These characteristics resembles to round
cells. To support this, the round cells were positive for GTT1 and CD13
(Fig. 2A), suggesting that they are close to proximal tubule epithelial
cells.
In addition, the round cells were positive for undifferentiated, pro-
genitor cells for kidney development markers [12], PAX2, OSR1, WT1,
and SIX2 mRNA (Fig. 3) and the Hox11 and PAX2 protein (Fig. 2B and
C). One study found that PAX2 is expressed in tubular adenoma cellsFig. 7. The trend in serum creatinine from2 years before to 6months after the examination
the examination, creatininewas N6months before (p b 0.05) and after the examination (p b 0.0
as means ± SE.in the lower urinary tract [13], but the cells observed in the present
study were positive for GGT1 and CD13, and can therefore be discrimi-
nated from tubular adenoma cells. Our results suggest that the round
cells are undifferentiated cells. We do not have direct evidence that
round cells differentiate into epithelial cells, however, epithelial cells
outgrew more in sediments obtained from patients with large number
of round cells than those without round cells. Renal tubular epithelial
cells can be cultured [14] and its disease associations and cell character-
istics have been reported in diabetes [15], cystinuria [16], and cell func-
tions have been studied extensively [11,17,18]. The present study adds
novel insight that may be useful in clinical practice for diagnosis and
the prediction of renal function.
The current clinical study could not explain the pathophysiological
mechanisms that explain the round cells which can be found in urine
sediment and its number correlates with prognosis of kidney function.
It is possible that damaged tubule cells are dedifferentiated and dissoci-
ated from tubules and excreted in theurine. Further studies are required
to clarify the origin and pathophysiological role of these new round cells
in urine sediment.
The ROC curve for cell number showed that the counting round cells
could be an indicator of the need for dialysis in addition to creatinine. It
is plausible that the number of round cells can be included in end-stage
renal failure staging. Furthermore, new therapies that can reduce the
number these cells may represent a novel method for the prevention
of renal death in end-stage renal disease.5. Conclusion
We reported the character of round cells in the urine sediment and
its relations with clinical features. Round cell is close to tubular epithe-
lial cells and expresses undifferentiated cell markers. Round cells can be
highly detected in advanced renal failure and could be a novel marker
for kidney death in a year both in diabetic and non-diabetic kidney
disease.Acknowledgement
This study was supported by in part by a Grant-in-Aid for Scientiﬁc
Research from the Ministry of Education, Science, Sports and Culture
of Japan (26461249)..Although therewere no statistical differences in creatinine among the 4 groups 2 y before
1) in 5–9/WF and N10/WF groups than in the other groups. Creatinine levels are expressed
Table 2
Multivariate analysis.
Unviariate analysis Multivariate analysis
OR 95% CI p-Value OR 95% CI p-Value
Age 0.9803 0.9631 −0.9978 0.0273 0.9771 0.9547 −1.0000 0.0502
Sex 0.5554 0.3192 −0.9663 0.0374 0.8264 0.4100 −1.6658 NS
Diabetes 2.1367 1.2824 −3.5599 0.0036 1.6205 0.8723 −3.0106 NS
CKD risk 2.0840 1.5962 −2.7208 b0.001 1.4393 0.7844 −2.6410 NS
Cr 1.7585 1.4862 −2.0808 b0.001 1.4596 1.0092 −2.1112 0.0446
U-Protein 2.3601 1.8440 −3.0208 b0.001 1.3235 0.9464 −1.8508 0.1014
U-Occult 1.7983 1.3286 −2.4341 b0.001 0.7866 0.4282 −1.4448 0.4390
RBC 1.3658 1.1080 −1.6836 0.0035 1.2751 0.8625 −1.8850 0.2230
TEC 2.9304 2.1884 −3.9239 b0.001 2.2909 1.5802 −3.3215 b0.001
OFB 1.9358 1.5364 −2.4390 b0.001 1.2282 0.9228 −1.6345 0.1588
Univariate analyses were performed to examine the relationships between the number of round cells and various explanatory variables (sex, age, history of diabetes, chronic kidney dis-
ease [CKD] stage, serum creatinine [Cr], urinary protein [U-protein], urinary occult blood [U-Occult], urinary red blood cell [RBC], oval fat bodies [OFB], and tubular epithelial cells [TEC] in
sediment samples). Among the explanatory variables, factors with p b 0.2 were recruited for further multivariate analysis.
Table 3
Hemodialysis and round cell in patients with diabetes.
Round cell
Positives (n) Negative (n)
Dialysis Enforcement 38 8
Non-enforcement 48 153
In diabetic patients (n=247), round cell speciﬁcity for dialysis in a yearwas 95% and odds
ratio was 3.46.
Table 4
Hemodialysis and round cell in patients without diabetes.
Round cell
Positives (n) Negative (n)
Dialysis Enforcement 11 3
Non-enforcement 14 97
In non-diabetic patients (n=125), round cell speciﬁcity for dialysis in a yearwas 97% and
odds ratio was 6.08.
Fig. 8. ROC curve formarkers to predict the initiation of hemodialysis within 1 y. The receiver operating characteristic (ROC) curves were drawn for serum creatinine, urinary protein,
and number of round cells. The area under the curve (AUC) for serum creatinine was 0.94209 and for urinary proteinwas 0.71669 (p b 0.01). The AUC for round cell number was 0.82939
and it was superior to urinary protein (p b 0.05).
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